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A method for controlling the properties of a surface j'. pJQ 1 A Jflf^ £885 

The invention relates to a method according to the appended claim 1 
for adjusting the properties of a surface. 

The peripheral surfaces of rotating members that control the travel of a 
continuous material web are typically susceptible for accumulation of 
various substances, which may result from the composition of the 
material web or the process. 



10 



For example on the roll surfaces of a paper machine there occurs a 
great deal of contamination of organic or inorganic origin that causes 
problems in the paper quality and in the runnability of the machine. On 
the other hand, on the central roll of the paper machine, the overall 

15 surface energy of the roll surface as well as its components have an 
important role in view of the release of the paper web. The runnability 
and the release of the web are also affected by the topography of the 
surface, the homogeneity of the surface and the nature of the 
contamination adhering on the surface. Previously attempts have been 

20 made to affect the properties of the surface by spraying chemicals on 
the surface of the roll. 



It is an aim of the invention to eliminate the aforementioned drawbacks. 
According to the presented invention, the surface of a member that is 

25 in contact with a continuous material web, especially the roll surface of 
a paper machine, is coated by means of a photocatalytically active 
coating and the surface of the member is illuminated with a suitable 
source of UV radiation. Photocatalysis is a phenomenon in which 
chemical reactions take place on the surface of the material as a result 

30 of the influence of light. Titanium dioxide is one such photocatalytic 
material that is used as a thin transparent coating for example in 
cleansing of glass surfaces in building and automotive industry. The 
fact that the surfaces remain clean is based on the activation of 
titanium dioxide caused by the effect of UV light, wherein the organic 

35 substance on the surface is oxidized and the adhesion on the surface 
is reduced. Thereafter rain is sufficient for cleaning the surfaces. The 
same photocatalytic phenomenon also changes the surface energy of 
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the surface strongly to a hydrophilic direction. Photocatalysis is 
discussed for example in the publications EP 8691 56 and 980709. 

The photocatalytic activation of a roll surface in a paper machine has 
5 the following advantages: 

strongly oxidizing radicals and ions are produced on the 
surface by the action of hole-electron pairs, and they 
function as oxidizers of the substances adhering on the 
10 surface, 

the surface energy can be adjusted between hydrophilic 
and hydrophobic, for example the hydrophilicity of the 
surface can be increased, wherein the release of the paper 
web under the influence of draw will be facilitated. 

15 

In the following, the invention will be described in more detail with 
reference to the appended drawings, in which 

Fig. 1 shows an embodiment of the invention, a press section, in a 
20 side view, 

Fig. 2 shows a front view of the arrangement of Fig. 1 at the 
location of the roll, and 

25 Fig. 3 shows another embodiment of the method. 

Fig. 1 shows the press section of a paper or paperboard machine, in 
which a press felt 1 is utilized to bring a moist paper or paperboard web 
W on a central roll 3 of the press via a first press nip P. The web W 

30 travels on the periphery of the rotating central roll 3 to a second press 
nip P that is formed between a guiding roll 2 and a second press felt 1 
and the central roll 3. On the central roll 3 the web travels a certain 
distance on the surface of the roll after the nip P, whereafter it is 
released at point K and transferred in a free draw to a second guiding 

35 roll 4. The peripheral surface of the central roll 3, which is in contact 
with the web W within a sector of certain length, contains 
photocatalytically active material. The ways in which the surface of the 
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roll can be equipped with this material will be discussed hereinbelow. 
At the location of the free sector of the roll 3, in other words at the 
location where the peripheral surface is not covered by the web W, 
there is a light source 5 that exerts electromagnetic radiation at a 
5 suitable wavelength on the peripheral surface of the roll 3 to 
accomplish the photocatalytic activation of the coating thereon. After 
the release point K of the web W, in the direction of rotation of the roll 3 
and before the area of influence of the light source 5, there is one or 
several doctor blades 6 for cleaning the surface of the roll. 

10 

The light source activates the surface of the roll in such a manner that 
its hydrophilicity increases. This produces a thin water film on the 
surface of the roll, said moisture film facilitating the release of the paper 
web from the surface. 

15 

As can be seen in Fig. 1 , the release angle from the roll 3 (angle a) and 
the location of the release point after the press nip P can be adjusted 
by adjusting the activating effect of the light source 5. In the geometry 
according to Fig. 1 the location of the release point and the release 

20 angle a are variables depending from each other, i.e. when the release 
point moves closer to the press nip P, the web is directed more in 
parallel with the tangent of the central roll 3, and the release angle a is 
reduced. In practice, the aim is to attain as small a release angle as 
possible, i.e. such a situation where the web leaves the roll 3 as 

25 tangentially as possible with respect to its periphery. 

When the draw difference (the ratio of the peripheral speeds of the 
second guiding roll 4 to that of the central roll 3) is low, the release 
point K can be located close to the nip P, and the release angle a can 
30 be small, because the light source 5 makes the web to detach easily 
from the roll. 

The coating can be activated by means of the light source, in the 
presented case with a source of UV radiation, before the web is 
introduced, and during the use, when the web is running and the roll is 
35 rotating, the U V radiation is exerted on the peripheral surface of the roll 
3. The light source 5 is moved back and forth at a suitable speed in the 
longitudinal direction of the roll, i.e. parallelly to the rotation axis of the 
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roll in the manner shown in Fig. 2, but it is at all times located within a 
certain sector of the rotating movement of the roll. Thus, the 
photocatalytic activation of the surface of the roll takes place during the 
rotation of the roll, when the surface of the roll moves past the light 

5 source. When the light source moves in the longitudinal direction of the 
roll, it does not have to cover the entire length of the roll at one time. 
When the speed of motion of the radiation source, the intensity or 
wavelength of the radiation source is adjusted, it is possible to affect 
the intensity or energy level of the UV radiation meeting the roll 

10 surface. When a suitable laser source is used for producing UV 
radiation, it is also possible to produce narrow "hydrophilic bands" (Fig. 
2) on the surface of the roll that extend approximately in the direction of 
the periphery, or "hydrophilic spots" when a pulse-like light source, for 
example a laser is used. The radiation is exerted on a free surface of 

15 the roll, i.e. on such a sector that is not covered by the paper web, 
wherein the paper web is not positioned between the source of 
radiation and the roll surface. 

To activate the surface of the roll, it is also sufficient that the roll rotates 

20 at creeping speed, for example after a web break. In the production 
run, when the roll rotates at high speed, the light source can be 
switched off. The activation can thus be conducted at fixed intervals on 
the roll installed in the machine, and it does not have to be conducted 
during the production run. Thus, the roll does not have to be in contact 

25 with the web either, but the web may be absent (for example due to a 
web break). The term "rotating member that is in contact with a 
continuous moving material web" thus refers to such a member that 
can be detached from the material web for some time, wherein it can 
be maintained, for example to adjust the properties of the surface in the 

30 above-described manner in particular. When the activation has been 
finished, the material web can be brought in contact with the surface of 
the member, and the material web can thus travel via the surface of the 
rotating member within a certain sector. This alternative is shown in 
Fig. 3, in which on the left-hand side the roll 3 is activated as it rolls at a 

35 lower speed v1 without the material web, and on the right-hand side 
the roll 3 rotates at a higher speed v2 in contact with the web W. 
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As a photocatalytic coating, especially titanium dioxide and coating 
solutions based thereon can be employed. By means of the coating 
used especially in the central roll of the press section of the paper 
machine it is also possible to adjust the surface energy of the surface 
5 of the roll between hydrophobic and hydrophilic even during the run. 
Thus, it is possible to search for optimum conditions in view of the 
release of the web when the web is running, in other words reference is 
made to a so-called active coating. By means of radiation it is possible 
to increase the hydrophilicity, thus attaining a continuous water film on 

10 the surface that facilitates the release of the web. It is essential that the 
used photocatalytic coating is sufficiently wear-resistant, and/or the 
topography of the surface protects the coating from wear. The 
thermally sprayed coating used especially in the central rolls offers 
such a protective microporosity for example against the wearing effect 

15 of mechanical cleaning means, such as doctor blades. Thus, the 
photocatalytic surface is protected only at the bottom of the pores, but 
it is, however, exposed to the activating light directed on the surface of 
the roll. By controlling the extent of porosity it is thus possible to affect 
the effective photocatalytic surface area. 

20 

There are various alternatives for arranging the photocatalytically 
active material on the surface of the roll. The photocatalytic surface can 
be produced by thermal spraying or by treating the thermally sprayed 
surface with a photocatalytic coating. The material producing the 

25 photocatalysis can be in particle form, and thus bound to an organic, 
advantageously UV-stabilized matrix or inorganic matrix, or it can be a 
continuous film that is produced for example by means of sol-gel 
technique. In the latter case the film is produced either on a finished roll 
surface or immediately before the finish grinding. In the latter case the 

30 photocatalytic film is only located in the pores of the thermally sprayed 
or otherwise manufactured ceramic surface of the central roll, the 
amount and surface area of said pores thus determining the portion of 
the possible photocatalytic surface area. 



35 



In addition to the adjustment of the hydrophilicity of the surface, said 
photocatalytic surface is also suitable for keeping the surface clean. 
The photocatalytic surface is activated by the action of UV light, and it 
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constantly oxidizes the organic impurities, such as fibres, resin and 
other pastes adhering on the surface, and originating for example from 
the paper or paperboard web travelling constantly on top of said 
surface. The adhered impurities are thereafter easily released, and 
5 harmful, thick layers are thus not formed. The reactions produced by 
UV light on a photocatalytically active surface include: 



generation of electron - positive hole pairs in the photocatalytically 
active material by the action of light having a sufficient energy 
10 level 

oxidation and reduction reactions produced by the holes and 
electrons with the donor molecules and acceptor molecules, 
respectively, on the surface, an example of the former being the 
formation of hydroxyl radicals and hydrogen ions (OH + H + ) from 
15 water, and of the latter the formation of superoxide ions (OO") 

from molecular oxygen 

oxidation of foreign substances by the action of positive holes, 
hydroxyl radicals and superoxide ions. 

20 The photocatalytic coating can be single-phased, or it may contain 
photocatalytically active phases or particles. Thus, the matrix coating 
can be a thermally sprayed polymer coating, a polymer coating 
manufactured by the sol-gel method, or another polymer coating. In the 
case of a polymer coating the surrounding matrix must be protected 

25 with protective UV agents, or the photocatalytic particles are coated 
with a protective film that is ground off after the manufacture of the 
surface. Thus, the UV-active part does not affect the matrix to such an 
extent that it would oxidize the polymer. 

30 The invention is not restricted solely to a particular photocatalytic 
material, but in the method it is possible to utilize any photocatalytic 
material in the structure of the surface, wherein light having a suitable 
energy level and exerted on the material causes changes in the 
properties of the surface. If the photocatalytic material is Ti0 2 , its 

35 crystal structure is advantageously anastatic, which has the highest 
photocatalytic activity. Furthermore, the invention is not restricted 
solely to UV light, but it is only necessary that the light directed actively 
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to the surface has a sufficient energy level to produce the desired 
phenomena in the photocatalytically active material. Similarly, the term 
material web refers to all material webs travelling over the peripheral 
surface of a rotating member, the release of which material webs from 
5 the peripheral surface can be affected for example by activating the 
aforementioned surface photocatalytically. 
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Claims : 

1. A method for adjusting the properties of a surface in a rotating 
member (3) that is in contact with a continuous moving material web 

5 (W), characterized in that 

— the surface of the rotating member (3) that is in contact with 
the material web (W) contains photocatalytically active 
material, 

— light is directed to the surface of the rotating member (3) 
10 that is in contact with the material web (W), said light having 

such energy that it is capable of activating the 
photocatalytically active material, and 

— the activation of the photocatalytically active material 
causes oxidation of substances on the surface of the 

15 rotating member (3) and/or changes in the hydrophilic 

properties of the surface. 

2. The method according to claim 1 , characterized in that the 
activation is conducted when the rotating member (3) rotates at 

20 production speed in contact with the web. 

3. The method according to claim 1 , characterized in that the 
activation is conducted when the rotating member (3) rotates at a 
speed lower than the production speed, in contact with the web or 

25 without contacting the web. 

4. The method according to claim 2, characterized in that the release 
of the continuous material web (W) from the surface of the rotating 
member (3) is controlled by the intensity of light. 

30 

5. The method according to claim 4, characterized in that the release 
point (K) or release angle (a) of the continuous moving material web 
(W) from the surface of the rotating member (3) is monitored, 
compared to a set value and the intensity of light is adjusted on the 

35 basis of the difference. 



WO 2004/007836 



:T/FI2003/000569 



9 

6. The method according to any of the preceding claims, 
characterized in that the rotating member (3) is the roll of a paper of 
paperboard machine, and the continuous material web (W) is a paper 
or paperboard web. 

5 

7. The method according to claim 6, characterized in that the rotating 
member (3) is a roll in the press section of a paper or paperboard 
machine. 

10 8. The method according to any of the preceding claims, 
characterized in that the light is UV light. 

9. The method according to any of the preceding claims, 
characterized in that a light source (5) producing the light is moved 
15 back and forth in the direction of the rotation axis of the rotating 
member (3). 
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